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INTRACELLULAR FORMATION OF 
PEPTIDE CONJUGATES 

BACKGROUND OF THE INVENTION 

The administration of glycosylated and non-glycosylated 
peptides for engendering particular physiological response is 
Well knoWn in the medicinal arts. Among the best knoWn 
peptides utilized for this purpose is insulin, Which is used to 
treat diabetes. Enzymes have also been used for their thera 
peutic bene?ts. A principal factor, Which has limited the use 
of therapeutic peptides is the immunogenic nature of most 
peptides. In a patient, an immunogenic response to an admin 
istered peptide can neutralize the peptide and/or lead to the 
development of an allergic response in the patient. Other 
de?ciencies of therapeutic glycopeptides include suboptimal 
potency and rapid clearance rates. The problems inherent in 
peptide therapeutics are recognized in the art, and various 
methods of eliminating the problems have been investigated. 
To provide soluble peptide therapeutics, synthetic polymers 
have been attached to the peptide backbone. 

Poly(ethylene glycol) (“PEG”) is an exemplary polymer 
that has been conjugated peptides. The use of PEG to deriva 
tize peptide therapeutics has been demonstrated to reduce the 
immunogenicity of the peptides. For example, U.S. Pat. No. 
4,179,337 (Davis et al. concerns non-immunogenic polypep 
tides, such as enzymes and peptide hormones couplpled poly 
ethylene glycol (PEG) or polypropylene glycol. BetWeen 10 
and 100 moles of polymer are used per mole polypeptide and 
at least 15% of the physiological activity is maintained. In 
addition, the clearance time in circulation is prolonged due to 
the increased size of the PEG-conj ugate of the polypeptides in 
question. 
WO 93/15189 (Veronese et al.) concerns a method to main 

tain the activity of polyethylene glycol-modi?ed proteolytic 
enzymes by linking the proteolytic enzyme to macromolecu 
larized inhibitor. The conjugates are intended for medical 
applications. 

The principal mode of attachment of PEG, and its deriva 
tives, to peptides is a speci?c bonding through a peptide 
amino acid residue. For example, U.S. Pat. No. 4,088,538 
discloses an enzymatically active polymer-enzyme conjugate 
of an enzyme covalently bound to PEG. Similarly, U.S. Pat. 
No. 4,496,689 discloses a covalently attached complex of (X-l 
proteinase inhibitor With a polymer such as PEG or methoxy 
poly(ethyleneglycol) (“mPEG”). AbuchoWski et al. (J. Biol. 
Chem. 252: 3578 (1977) discloses the covalent attachment of 
mPEG to an amine group of bovine serum albumin. U.S. Pat. 
No. 4,414,147 discloses a method of rendering interferon less 
hydrophobic by conjugating it to an anhydride of a dicarboxy 
lic acid, such as poly(ethy succinic anhydride). PCT WO 
87/00056 discloses conjugation of PEG and poly(oxyethy 
lated) polyols to such proteins as interferon-[3, interleukin-2 
and immunotoxins. EP 154,316 discloses and claims chemi 
cally modi?ed lymphokines, such as IL-2 containing PEG 
bonded directly to at least one primary amino group of the 
lymphokine. U.S. Pat. No. 4,055,635 discloses pharmaceuti 
cal compositions of a Water-soluble complex of a proteolytic 
enzyme linked covalently to a polymeric substance such as a 
polysaccharide. 

Another mode of attaching PEG to peptides is through the 
non-speci?c oxidation of glycosyl residues on a glycopep 
tide. The oxidized sugar is utilized as a locus for attaching a 
PEG moiety to the peptide. For example M’Timkulu (WO 
94/05332) discloses the use of an amino-PEG to add PEG to 
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2 
a glycoprotein. The glycosyl moieties are randomly oxidized 
to the corresponding aldehydes, Which are subsequently 
coupled to the amino-PEG. 

In each of the methods described above, poly(ethyleneg 
lycol) is added in a random, non-speci?c manner to reactive 
residues on a peptide backbone. For the production of thera 
peutic peptides, it is clearly desirable to utilize a derivatiza 
tion strategy that results in the formation of a speci?cally 
labeled, readily characterizable, essentially homogeneous 
product. A promising route to preparing speci?cally labeled 
peptides is through the use of enzymes, such as glycosyltrans 
ferases to append a modi?ed sugar moiety onto a peptide. 

Enzyme-based syntheses have the advantages of regiose 
lectivity and stereoselectivity. Moreover, enzymatic synthe 
ses are performed using unprotected substrates. TWo princi 
pal classes of enzymes are used in the synthesis of 
carbohydrates, glycosyltransferases (e.g., sialyltransferases, 
oligosaccharyltransferases, N-acetylglucosaminyltrans 
ferases), and glycosidases. The glycosidases are further clas 
si?ed as exoglycosidases (e.g., [3-mannosidase, [3-glucosi 
dase), and endoglycosidases (e.g., Endo-A, Endo-M). Each 
of these classes of enzymes has been successfully used syn 
thetically to prepare carbohydrates. For a general revieW, see, 
Crout et al., Curr. Opin. Chem. Biol. 2: 98-111 (1998). 

Glycosyltransferases can be used to modify the oligosac 
charide structures on glycopeptides. Glycosyltransferases are 
effective for producing speci?c products With good stere 
ochemical and regiochemical control. Glycosyltransferases 
have been used to prepare oligosaccharides and to modify 
terminal N- and O-linked carbohydrate structures, particu 
larly on glycopeptides produced in mammalian cells. For 
example, the terminal oligosaccharides of glycopeptides have 
been completely sialylated and/or fucosylated to provide 
more consistent sugar structures, Which improves glycopep 
tide pharmacodynamics and a variety of other biological 
properties. 

[3-1,4-galactosyltransferase Was used to synthesize lac 
tosamine, an illustration of the utility of glycosyltransferases 
in the synthesis of carbohydrates (see, e.g., Wong et al., J. 
Org. Chem. 47: 5416-5418 (1982)). Numerous synthetic pro 
cedures have made use of ot-sialyltransferases to transfer 
sialic acid from cytidine-5'-monophospho-N-acetyl 
neuraminic acid to the 3-OH or 6-OH of galactose (see, e.g., 
Kevin et al., Chem. Eur J. 2: 1359-1362 (1996)). Fucosyl 
transferases are used in synthetic pathWays to transfer a 
fucose unit from guanosine-5'-diphosphofucose to a speci?c 
hydroxyl of a saccharide acceptor. For example, IchikaWa 
prepared sialyl LeWis-X by a method that involves the fuco 
sylation of sialylated lactosamine With a cloned fucosyltrans 
ferase (IchikaWa et al., J. Am. Chem. Soc. 114: 9283-9298 
(1992)). For a discussion of recent advances in glycoconju 
gate synthesis for therapeutic use see, Koeller et al., Nature 
Biotechnology 18: 835-841 (2000). See also, U.S. Pat. Nos. 
5,876,980; 6,030,815; 5,728,554; 5,922,577; and 
WO/9831 826. 

Glycosidases can also be used to prepare saccharides. Gly 
cosidases normally catalyze the hydrolysis of a glycosidic 
bond. Under appropriate conditions, hoWever, they can be 
used to form this linkage. Most glycosidases used for carbo 
hydrate synthesis are exoglycosidases; the glycosyl transfer 
occurs at the non-reducing terminus of the substrate. The 
glycosidase takes up a glycosyl donor in a glycosyl-enzyme 
intermediate that is either intercepted by Water to give the 
hydrolysis product, or by an acceptor, to give a neW glycoside 
or oligosaccharide. An exemplary pathWay using an exogly 
cosidase is the synthesis of the core trisaccharide of all 
N-linked glycopeptides, including the notoriously dif?cult 
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[3-mannoside linkage, Which Was formed by the action of 
[3-mannosidase (Singh et al., Chem. Commun. 993-994 
(1996)). 

In another exemplary application of the use of a glycosi 
dase to form a glycosidic linkage, a mutant glycosidase has 
been prepared in Which the normal nucleophilic amino acid 
Within the active site is changed to a non-nucleophilic amino 
acid. The mutant enzymes do not hydrolyZe glycosidic link 
ages, but can still form them. The mutant glycosidases are 
used to prepare oligosaccharides using an ot-glycosyl ?uoride 
donor and a glycoside acceptor molecule (Withers et al., U.S. 
Pat. No. 5,716,812). Although the mutant glycosidases are 
useful for forming free oligosaccharides, it has yet to be 
demonstrated that such enZymes are capable of appending 
glycosyl donors onto glycosylated or non-glycosylated pep 
tides, nor have these enZymes been used With unactivated 
glycosyl donors. 

Although their use is less common than that of the exogly 
cosidases, endoglycosidases are also utiliZed to prepare car 
bohydrates. Methods based on the use of endoglycosidases 
have the advantage that an oligosaccharide, rather than a 
monosaccharide, is transferred. Oligosaccharide fragments 
have been added to substrates using endo-[3-N-acetylglu 
cosamines such as endo-F, and endo-M (Wang et al., Tetra 
hedron Le”. 37: 1975-1978; and Haneda et al., Carbohydr. 
Res. 292: 61-70 (1996)). 

In addition to their use in preparing carbohydrates, the 
enZymes discussed above are applied to the synthesis of gly 
copeptides as Well. The synthesis of a homogenous glyco 
form of ribonuclease B has been published (Witte K. et al., J. 
Am. Chem. Soc. 119: 2114-2118 (1997)). The high mannose 
core of ribonuclease B Was cleaved by treating the glycopep 
tide With endoglycosidase H. The cleavage occurred speci? 
cally betWeen the tWo core GlcNAc residues. The tetrasac 
charide sialyl LeWis X Was then enZymatically rebuilt on the 
remaining GlcNAc anchor site on the noW homogenous pro 
tein by the sequential use of [3-1,4-galactosyltransferase, ot-2, 
3-sialyltransferase and (x-1,3-?.1cosyltransferase V. Each 
enZymatically catalyZed step proceeded in excellent yield. 

Methods combining both chemical and enZymatic syn 
thetic elements are also knoWn. For example, Yamamoto and 
coworkers (Carbohydr. Res. 305: 415-422 (1998)) reported 
the chemoenZymatic synthesis of the glycopeptide, glycosy 
lated Peptide T, using an endoglyosidase. The N-acetylglu 
cosaminyl peptide Was synthesiZed by purely chemical 
means. The peptide Was subsequently enZymatically elabo 
rated With the oligosaccharide of human transferrin glyco 
peptide. The saccharide portion Was added to the peptide by 
treating it With an endo-[3-N-acetylglucosaminidase. The 
resulting glycosylated peptide Was highly stable and resistant 
to proteolysis When compared to the peptide T and N-acetyl 
glucosaminyl peptide T. 

The use of glycosyltransferases to modify peptide structure 
With reporter groups has been explored. For example, Bross 
mer et al. (US. Pat. No. 5,405,753) discloses the formation of 
a ?uorescent-labeled cytidine monophosphate (“CMP”) 
derivative of sialic acid and the use of the ?uorescent glyco 
side in an assay for sialyl transferase activity and for the 
?uorescent-labeling of cell surfaces, glycoproteins and gan 
gliosides. Gross et al. (Analyl. Biochem. 186: 127 (1990)) 
describe a similar assay. Bean et al. (US. Pat. No. 5,432,059) 
discloses an assay for glycosylation de?ciency disorders uti 
liZing reglycosylation of a de?ciently glycosylated protein. 
The de?cient protein is reglycosylated With a ?uorescent 
labeled CMP glycoside. Each of the ?uorescent sialic acid 
derivatives is substituted With the ?uorescent moiety at either 
the 9-position or at the amine that is normally acetylated in 
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4 
sialic acid. The methods using the ?uorescent sialic acid 
derivatives are assays for the presence of glycosyltransferases 
or for non-glycosylated or improperly glyco sylated glycopro 
teins. The assays are conducted on small amounts of enZyme 
or glycoprotein in a sample of biological origin. The enZy 
matic derivatiZation of a glycosylated or non-glycosylated 
peptide on a preparative or industrial scale using a modi?ed 
sialic acid has not been disclosed or suggested. 

Considerable effort has also been directed toWards the 
modi?cation of cell surfaces by altering glycosyl residues 
presented by those surfaces. For example, Fukuda and 
coWorkers have developed a method for attaching glycosides 
of de?ned structure onto cell surfaces. The method exploits 
the relaxed substrate speci?city of a fucosyltransferase that 
can transfer fucose and fucose analogs bearing diverse gly 
cosyl substrates (Tsuboi et al., J. Biol. Chem. 271: 27213 
(1 996)). 

Enzymatic methods have also been used to activate glyco 
syl residues on a glycopeptide toWards subsequent chemical 
elaboration. The glycosyl residues are typically activated 
using galactose oxidase, Which converts a terminal galactose 
residue to the corresponding aldehyde. The aldehyde is sub 
sequently coupled to an amine-containing modifying group. 
For example, Casares et al. (Nature Biolech. 19: 142 (2001)) 
have attached doxorubicin to the oxidiZed galactose residues 
of a recombinant MHCII-peptide chimera. 

Glycosyl residues have also been modi?ed to bear reactive 
functional groups, such as ketone groups. For example, 
Mahal and co-Workers (Science 276: 1125 (1997)) have pre 
pared N-levulinoyl mannosamine (“ManLev”), Which has a 
ketone functionality at the position normally occupied by the 
acetyl group in the natural substrate. Cells Were treated With 
the ManLev, thereby incorporating a ketone group onto the 
cell surface. See, also Saxon et al., Science 287: 2007 (2000); 
Hang et al., J. Am. Chem. Soc. 123: 1242 (2001); Yarema et 
al., J Biol. Chem. 273: 31168 (1998); and Charter et al., 
Glycobiology 10: 1049 (2000). The ketone group may then be 
subsequently modi?ed, ex vivo, With a modifying group fash 
ioned With a reactive aminooxy, hydraZide, or thiosemicarba 
Zide moiety. See, BertoZZi et al., U.S. Pat. Nos. 6,075,134 and 
6,458,937. The ex vivo reaction occurs on the cell surface and 
has been termed “Staudinger ligation.” 

HoWever, the methods of cell surface modi?cation have not 
been utiliZed to enZymatically incorporate a preformed modi 
?ed glycosyl donor moiety into a peptide to produce a modi 
?ed peptide With improved therapeutic or diagnostic proper 
ties. Therefore, despite the efforts directed toWard the 
enZymatic elaboration of saccharide structures, there remains 
still a need for an industrially practical method for the modi 
?cation of glycosylated and non-glycosylated peptides With 
modifying groups such as Water-soluble polymers, therapeu 
tic moieties, biomolecules and the like. Of particular interest 
are methods in Which the modifying group provides enhanced 
therapeutic or diagnostic properties. The present invention 
ful?lls these and other needs. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides methods for making a site 
speci?cally modi?ed glycopeptide With enhanced therapeu 
tic or diagnostic properties. The methods are based on the 
surprising discovery that a preformed modi?ed sugar may be 
fed to a cell Which subsequently intemaliZes the modi?ed 
sugar and ultimately produces a site speci?cally modi?ed 
peptide conjugate. Thus, this discovery provides a completely 
neW modality in peptide conjugate synthesis. 
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Thus, in a ?rst aspect, the present invention provides a 
method of forming a peptide conjugate having a covalent 
linkage betWeen a modifying group and a glycosylated or 
non-glycosylated peptide, Wherein the modifying group is 
conjugated to the peptide via a glycosyl linking group (e.g., 
intact glycosyl linking group) interposed betWeen and 
covalently linked to both the peptide and the modifying 
group. The method includes contacting a cell With a ?rst 
modi?ed sugar having a sugar moiety and at least one modi 
fying group. The modifying group is typically a Water-soluble 
polymer, a therapeutic moiety, a detectable label, a biomol 
ecule or a targeting moiety. The cell is incubated under con 
ditions in Which the ?rst modi?ed sugar is intemaliZed. The 
?rst modi?ed sugar is intracellularly contacted With a glyco 
sylated or non-glycosylatedpeptide and a glycosyltransferase 
for Which the modi?ed nucleotide sugar is a substrate, thereby 
forming the peptide conjugate. The method also includes 
isolating the peptide conjugate. 

In a second aspect, the present invention provides a method 
of forming a peptide conjugate having a covalent linkage 
betWeen a modifying group and a glycosylated or non-glyco 
sylated peptide. The modifying group is conjugated to the 
peptide via a glycosyl linking group (e.g., intact glycosyl 
linking group) interposed betWeen and covalently linked to 
both the peptide and the modifying group. The method 
includes contacting a cell With a modi?ed nucleotide sugar 
comprising a nucleotide sugar moiety and at least one modi 
fying group. The modifying group is typically a Water-soluble 
polymer, a therapeutic moiety, a detectable label, a biomol 
ecule or a targeting moiety. The cell is incubated under con 
ditions in Which the modi?ed nucleotide sugar is internaliZed. 
The modi?ed nucleotide sugar is intracellularly contacted 
With a glycosylated or non-glycosylated peptide and a glyco 
syltransferase for Which the modi?ed nucleotide sugar is a 
substrate, thereby forming said peptide conjugate. The 
method also includes isolating the peptide conjugate. 

In a third aspect, the present invention provides a method of 
forming a peptide conjugate having a covalent linkage 
betWeen a modifying group and a glycosylated or non-glyco 
sylated peptide, Wherein the modifying group is conjugated to 
the peptide via a glycosyl linking group (e.g., intact glycosyl 
linking group) interposed betWeen and covalently linked to 
both the peptide and the modifying group. The method 
includes contacting a cell With a ?rst modi?ed activated sugar 

having a sugar moiety and at least one modifying group. The 
modifying group is typically a Water-soluble polymer, a 
therapeutic moiety, a detectable label, a biomolecule or a 

targeting moiety. The cell is incubated under conditions in 
Which the ?rst modi?ed sugar is intemaliZed. The ?rst modi 
?ed activated sugar is intracellularly contacted With a glyco 
sylated or non-glycosylatedpeptide and a glycosyltransferase 
for Which the ?rst modi?ed activated sugar is a substrate, 
thereby forming the peptide conjugate. The method also 
includes isolating the peptide conjugate. 

In a fourth aspect, the invention provides a cell having a 
peptide conjugate. The peptide conjugate has a modifying 
group and a peptide. The modifying group is linked to the 
peptide via a glycosyl linking group (e.g., intact glycosyl 
linking group) interposed betWeen and covalently linked to 
both the peptide and the modifying group. In addition, the 
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6 
modifying group is a Water-soluble polymer, a therapeutic 
moiety, a detectable label, or a targeting moiety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of the formation of a peptide 
conjugate using a sialic acid modi?ed With polyethylene gly 
col 

FIG. 2 is an illustration of the formation of a peptide 
conjugate using a mannosamine modi?ed With polyethylene 
glycol. 

FIG. 3 is an illustration of the formation of a peptide 
conjugate using a sialic acid modi?ed With polyethylene gly 
col 

DETAILED DESCRIPTION OF THE INVENTION 

Abbreviations 

PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); 
Ara, arabinosyl; Fru, fructosyl; Fuc, fucosyl; Gal, galactosyl; 
GalNAc, N-acetylgalactosaminyl; Glc, glucosyl; GlcNAc, 
N-acetylglucosaminyl; Man, mannosyl; ManAc, man 
nosaminyl acetate; Xyl, Xylosyl; WSP, Water soluble poly 
mer, and SA, sialic acid. 

De?nitions 

Unless de?ned otherWise, all technical and scienti?c terms 
used herein generally have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Generally, the nomenclature used herein 
and the laboratory procedures in cell culture, molecular 
genetics, organic chemistry and nucleic acid chemistry and 
hybridization are those Well knoWn and commonly employed 
in the art. Standard techniques are used for nucleic acid and 
peptide synthesis. The techniques and procedures are gener 
ally performed according to conventional methods in the art 
and various general references (see generally, Sambrook et al. 
MOLECULAR CLONING: A LABORATORY MANUAL, 2d ed. (1989) 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y., Which is incorporated herein by reference), Which are 
provided throughout this document. The nomenclature used 
herein and the laboratory procedures in analytical chemistry, 
and organic synthetic described beloW are those Well knoWn 
and commonly employed in the art. Standard techniques, or 
modi?cations thereof, are used for chemical syntheses and 
chemical analyses. 

Oligosaccharides described herein may be described With 
the name or abbreviation for the non-reducing saccharide 
(i.e., Gal), folloWed by the con?guration of the glycosidic 
bond (0. or [3), the ring bond (1 or 2), the ring position of the 
reducing saccharide involved in the bond (2, 3, 4, 6 or 8), and 
then the name or abbreviation of the reducing saccharide (i.e., 
GlcNAc). In some embodiments, each saccharide is a pyra 
nose. For a revieW of standard glycobiology nomenclature 
see, Essentials ofGlycobiology Varki et al. eds. CSHL Press 
(1 999). 

Oligosaccharides are typically considered to have a reduc 
ing end and a non-reducing end, Whether or not the saccharide 
at the reducing end is in fact a reducing sugar. In accordance 
With accepted nomenclature, Oligosaccharides are depicted 
herein With the non-reducing end on the left and the reducing 
end on the right. 
As used herein, “nucleic acid” means DNA, RNA, single 

stranded, double-stranded, or more highly aggregated hybrid 
iZation motifs, and any chemical modi?cations thereof. 
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Modi?cations include, but are not limited to, those providing 
chemical groups that incorporate additional charge, polariZ 
ability, hydrogen bonding, electrostatic interaction, and func 
tionality to the nucleic acid ligand bases or to the nucleic acid 
ligand as a Whole. Such modi?cations include, but are not 
limited to, peptide nucleic acids (PNAs), phosphodiester 
group modi?cations (e.g., phosphorothioates, methylphos 
phonates), 2'-position sugar modi?cations, 5-position pyri 
midine modi?cations, 8-position purine modi?cations, modi 
?cations at exocyclic amines, substitution of 4-thiouridine, 
substitution of 5-bromo or 5-iodo-uracil; backbone modi? 
cations, methylations, unusual base-pairing combinations 
such as the isobases, isocytidine and isoguanidine and the 
like. Nucleic acids can also include non-natural bases, such 
as, for example, nitroindole. Modi?cations can also include 3' 
and 5' modi?cations such as capping With a ?uorophore or 
another moiety. 

The term “sialic acid” (SA) refers to any member of a 
family of nine-carbon carboxylated sugars. The most com 
mon member of the sialic acid family is N-acetyl-neuraminic 
acid (2-keto-5-acetamido-3,5-dideoxy-D-glycero-D-galac 
tononulopyranos-1-onic acid (often abbreviated as Neu5Ac, 
NeuAc, or NANA). A second member of the family is N-gly 
colyl-neuraminic acid (Neu5Gc or NeuGc), in Which the 
N-acetyl group of NeuAc is hydroxylated. A third sialic acid 
family member is 2-keto-3-deoxy-nonulosonic acid (KDN) 
(Nadano et al. (1 986) J. Biol. Chem. 261: 11550-11557; Kan 
amori et al., .1. Biol. Chem. 265: 21811-21819 (1990)). Also 
included are 9-substituted sialic acids such as a 9-OiCl-C6 
acyl-Neu5Ac like 9-O-lactyl-Neu5Ac or 9-O-acetyl 
Neu5Ac, 9-deoxy-9-?uoro-Neu5Ac and 9-aZido-9-deoxy 
Neu5Ac. For review of the sialic acid family, see, e.g., Varki, 
Glycobiology 2: 25-40 (1992); Sialic Acids: Chemistry, 
Metabolism and Function, R. Schauer, Ed. (Springer-Verlag, 
NeW York (1992)). The synthesis and use of sialic acid com 
pounds in a sialylation procedure is disclosed in international 
application WO 92/16640, published Oct. 1, 1992. 

“Peptide” refers to a polymer in Which the monomers are 
amino acids and are joined together through amide bonds, 
alternatively referred to as a polypeptide or protein. Unnatu 
ral amino acids, for example, [3-alanine, phenylglycine and 
homoarginine may also be included. Amino acids that are not 
gene-encoded may also be used in the present invention. 
Furthermore, amino acids that have been modi?ed to include 
reactive groups, glycosylation sites, polymers, therapeutic 
moieties, biomolecules and the like may also be used in the 
invention. All of the amino acids used in the present invention 
may be either the D- or L-isomer The L-isomer is generally 
preferred. In addition, other peptidomimetics are also useful 
in the present invention. As used herein, “peptide” refers to 
both glycosylated and unglycosylated peptides. Also 
included are peptides that are incompletely glycosylated by a 
system that expresses the peptide. For a general revieW, see, 
Spatola, A. E, in CHEMISTRY AND BIOCHEMISTRY OF AMINO ACIDS, 
PEPTIDES AND PROTEINS, B. Weinstein, eds., Marcel Dekker, 
NeW York, p. 267 (1983). 

The term “peptide conjugate,” refers to species of the 
invention in Which a peptide is conjugated With a modi?ed 
sugar as set forth herein. 
The term “amino acid,” refers to naturally occurring and 

synthetic amino acids, as Well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as Well as those 
amino acids that are later modi?ed, e.g., hydroxyproline, 
y-carboxyglutamate, and O-phosphoserine. Amino acid ana 
logs refers to compounds that have the same basic chemical 
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structure as a naturally occurring amino acid, i.e., an 0t carbon 
that is bound to a hydrogen, a carboxyl group, an amino 
group, and an R group, e.g., homoserine, norleucine, 
methionine sulfoxide, methionine methyl sulfonium. Such 
analogs have modi?ed R groups (e.g., norleucine) or modi 
?ed peptide backbones, but retain the same basic chemical 
structure as a naturally occurring amino acid. Amino acid 
mimetics refers to chemical compounds that have a structure 
that is different from the general chemical structure of an 
amino acid, but that function in a manner similar to a naturally 
occurring amino acid. 
As used herein, a “glycosyltransferase” refers to an 

enZyme capable of transferring a modi?ed sugar to an amino 
acid and/or glycosyl residue on a peptide. Glycosyltrans 
ferase include those enZymes found in nature as Well as 
recombinant enZymes (e.g. glysosyl trans-sialidase, or an 
amidase or endoglycanase having synthetic abilities, e.g., a 
mutant). Exemplary glycosytransferases are discussed beloW. 
As used herein, the term “modi?ed sugar,” refers to a 

naturally- or non-naturally-occurring carbohydrate that is an 
enZymatic substrate in a process of the invention. The modi 
?ed sugar is selected from a number of enZyme substrates 
including, but not limited to, modi?ed nucleotide sugars, 
modi?ed activated sugars, precursor modi?ed sugars, and 
modi?ed sugars that are neither activated nor nucleotides. 
The “modi?ed sugar” is covalently functionaliZed With a 
“modifying group.” Useful modifying groups include, for 
example, Water-soluble polymers, therapeutic moieties, diag 
nostic moieties, biomolecules and the like. In some embodi 
ments, the modifying group is not a naturally occurring, or an 
unmodi?ed carbohydrate. The locus of functionaliZation With 
the modifying group is selected such that it does not prevent 
the “modi?ed sugar” from being added enZymatically to a 
peptide. A modi?ed sugar may contain any number of func 
tional groups in addition to the modifying groups. For 
example, a modi?ed sugar may contain one or more phos 
phate groups in addition to the modifying groups. 

The term “modi?ed activated sugar,” as used herein, refers 
to modi?ed sugars Which have been synthetically altered to 
include an activated leaving group. As used herein, the term 
“activated leaving group” refers to those moieties that are 
easily displaced in enZyme-regulated nucleophilic substitu 
tion reactions. Many activated sugars are knoWn in the art. 
See, for example, Vocadlo et al., In CARBOHYDRATE CHEMISTRY 
AND BIOLOGY, Vol. 2, Ernst et al. Ed., Wiley-VCH Verlag: 
Weinheim, Germany, 2000; Kodama et al., Tetrahedron Lett. 
34: 6419 (1993); Lougheed, et al., .1. Biol. Chem. 274: 37717 
(1 999)). 
The term “modi?ed nucleotide sugar” refers to a modi?ed 

sugar covalently attached to a nucleoside via at least one 
phosphodiester linkage. Typically, the modi?ed sugar is 
attached to a nucleoside via one or tWo phosphodiester link 

ages. 
The term “precursor modi?ed sugar” refers to a modi?ed 

sugar that is capable of being exploited by a permissive bio 
chemical pathWay of the cell to effect conversion to an inter 
mediate modi?ed sugar. The permissive biochemical path 
Way typically involves phosphorylation or modi?cation of the 
saccharide moiety. The intermediate modi?ed sugar may be 
contacted With a nucleotidyl transferase and a nucleotide to 
form a modi?ed nucleotide sugar and/or a glycosyltrans 
ferase for attachment to a peptide to form a peptide conjugate. 
The term “homologous,” as used herein, means a cellular 

component or molecule derived from the same cell, cell type 
or species. 
The term “nucleotide” refers to a nucleoside having at least 

one phosphate group or phosphodiester linkage. Examples of 
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nucleotides includes NMP-, NDP-, NTP- and NDP-sugar 
Where N is a natural or non-natural nucleoside. A “nucleotidyl 
moiety” is a nucleotide attached to the remainder of a mol 
ecule through at least one phosphodiester linkage. For 
example, a nucleotidyl moiety may be attached to a sugar via 
a phosphodiester bond as shoWn in tables 3 and 4, beloW. 

The term “Water-soluble” refers to moieties that have some 
detectable degree of solubility in Water. Methods to detect 
and/or quantify Water solubility are Well knoWn in the art. 
Exemplary Water-soluble polymers include peptides, saccha 
rides, poly(ethers), poly(amines), poly(carboxylic acids) and 
the like. Peptides can have mixed sequences of be composed 
or a single amino acid, eg poly(lysine) or poly(glutamate). 
Similarly, saccharides can be of mixed sequence or composed 
of a single saccharide subunit, e.g., dextran, amylose, chito 
san, and poly(sialic acid). An exemplary poly(ether) is poly 
(ethylene glycol). Poly(ethylene imine) is an exemplary 
polyamine, and poly(acrylic) acid is a representative poly 
(carboxylic acid). 

“Poly(alkylene oxide)” refers to a genus of compounds 
having a polyether backbone. Poly(alkylene oxide) species of 
use in the present invention include, for example, straight 
and branched-chain species. Moreover, exemplary poly(alky 
lene oxide) species can terminate in one or more reactive, 
activatable, or inert groups. For example, poly(ethylene gly 
col) is a poly(alkylene oxide) consisting of repeating ethylene 
oxide subunits, Which may or may not include additional 
reactive, activatable or inert moieties at either terminus. Use 
ful poly(alkylene oxide) species include those in Which one 
terminus is “capped” by an inert group, e.g., monomethoxy 
poly(alkylene oxide). When the molecule is a branched spe 
cies, it may include multiple reactive, activatable or inert 
groups at the termini of the alkylene oxide chains and the 
reactive groups may be either the same or different. Deriva 
tives of straight-chain poly(alkylene oxide) species that are 
heterobifunctional are also knoWn in the art. 
A “poly(ethylene glycol)” linker or modifying group refers 

to moieties having a poly(ethylene glycol) (“PEG”) backbone 
or methoxy-PEG (“mPEG”) backbone, including PEG and 
mPEG derivatives. A Wide variety of PEG and mPEG deriva 
tives are knoWn in the art and are commercially available. For 
example, Nektar, Inc. Huntsville, Ala., provides PEG and 
mPEG compounds useful as linkers or modifying groups 
optionally having nucleophilic reactive groups, carboxyl 
reactive groups, eletrophilically activated groups (eg active 
esters, nitrophenyl carbonates, isocyanates, etc.), sulfhydryl 
selective groups (eg maleimide), and heterofunctional (hav 
ing tWo reactive groups at both ends of the PEG or mPEG), 
biotin groups, vinyl reactive groups, silane groups, phospho 
lipid groups, and the like. 

The term, “glycosyl linking group,” as used herein refers to 
a glycosyl residue to Which an agent (e.g., Water-soluble 
polymer, therapeutic moiety, biomolecule) is covalently 
attached. In the methods of the invention, the “glycosyl link 
ing group” becomes covalently attached to a glycosylated or 
unglycosylated peptide, thereby linking the agent to an amino 
acid and/or glycosyl residue on the peptide. An exemplary 
“glycosyl linking group” is derived from a “modi?ed nucle 
otide sugar” by the enZymatic attachment of the “modi?ed 
sugar” portion of the “modi?ed nucleotide sugar” to an amino 
acid and/or glycosyl residue of the peptide. 
An “intact glycosyl linking group” refers to a glycosyl 

linking group in Which the individual saccharide monomer 
that links the conjugate to the modifying group is not 
degraded (e.g., oxidiZed, e.g., by sodium metaperiodate). 
“Intact glycosyl linking groups” of the invention may be 
derived from a naturally occurring oligosaccharide by addi 
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10 
tion of glycosyl unit(s) or removal of one or more glycosyl 
unit from a parent saccharide structure. An exemplary “intact 
glycosyl linking group” includes at least one intact, e.g., 
non-degraded, saccharyl moiety that is covalently attached to 
an amino acid residue or glycosyl residue on a peptide. The 
remainder of the “linking group” can have substantially any 
structure. For example, the modifying group is optionally 
linked directly to the intact saccharyl moiety. Alternatively, 
the modifying group is linked to the intact saccharyl moiety 
via a linker arm. The linker arm can have substantially any 
structure determined to be useful in the selected embodiment. 
In an exemplary embodiment, the linker arm is one or more 

intact saccharyl moieties, i.e. “the intact glycosyl linking 
group” resembles an oligosaccharide. Another exemplary 
intact glycosyl linking group is one in Which a saccharyl 
moiety attached, directly or indirectly, to the intact saccharyl 
moiety is degraded and derivatiZed (e. g., periodate oxidation 
folloWed by reductive amination). Still a further linker arm 
includes the modifying group attached to the intact saccharyl 
moiety, directly or indirectly, via a cross-linker, such as those 
described herein or analogues thereof. 

“Degradation,” as used herein refers to the removal of one 
or more carbon atoms or bonds from a saccharyl moiety. 

As used herein, “therapeutic moiety” means any agent 
useful for therapy including, but not limited to, antibiotics, 
anti-in?ammatory agents, anti-tumor drugs, cytotoxins, and 
radioactive agents. “Therapeutic moiety” includes prodrugs 
of bioactive agents, constructs in Which more than one thera 
peutic moiety is bound to a carrier, e.g., multivalent agents. 
Therapeutic moiety also includes proteins, peptides and con 
structs that include proteins. Exemplary proteins include, but 
are not limited to, Erythropoietin (EPO), Granulocyte Colony 
Stimulating Factor (GCSF), Granulocyte Macrophage 
Colony Stimulating Factor (GMCSF), Interferon (e.g., Inter 
feron-ot, -[3, -y), Interleukin (e.g., Interleukin II), serum pro 
teins (e. g., Factors VII, VIIa, VIII, IX, and X), Human Chori 
onic Gonadotropin (HCG), Follicle Stimulating Hormone 
(FSH) and LuteniZing Hormone (LH) and antibody fusion 
proteins (e.g. Tumor Necrosis Factor Receptor (TNFR)/Fc 
domain fusion protein antibodies (FAbs). 
As used herein, “anti-tumor drug” means any agent useful 

to combat cancer including, but not limited to, cytotoxins and 
agents such as antimetabolites, alkylating agents, anthracy 
clines, antibiotics, antimitotic agents, procarbaZine, hydrox 
yurea, asparaginase, corticosteroids, interferons and radioac 
tive agents. Also encompassed Within the scope of the term 
“anti-tumor drug,” are conjugates of peptides With anti-tumor 
activity, eg TNF-ot. Conjugates include, but are not limited 
to those formed betWeen a therapeutic protein and a glyco 
protein of the invention. A representative conjugate is that 
formed betWeen PSGL-l and TNF-ot. 

The term “isolated” refers to a material that is substantially 
or essentially free from components, Which are used to pro 
duce the material. For peptide conjugates of the invention, the 
term “isolated” refers to material that is substantially or 
essentially free from components, Which normally accom 
pany the material in the mixture used to prepare the peptide 
conjugate. “Isolated” and “pure” are used interchangeably. 
Typically, isolated peptide conjugates of the invention have a 
level of purity preferably expressed as a range. The loWer end 
of the range of purity for the peptide conjugates is about 60%, 
about 70% or about 80% and the upper end of the range of 
purity is about 70%, about 80%, about 90% or more than 
about 90%. 
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When the peptide conjugates are more than about 90% 
pure, their purities are also preferably expressed as a range. 
The loWer end of the range of purity is about 90%, about 92%, 
about 94%, about 96% or about 98%. The upper end of the 
range of purity is about 92%, about 94%, about 96%, about 
98% or about 100% purity. 

Purity is determined by any art-recognized method of 
analysis (e. g., band intensity on a silver stained gel, polyacry 
lamide gel electrophoresis, HPLC, or a similar means). 

“Essentially each member of the population,” as used 
herein, describes a characteristic of a population of peptide 
conjugates of the invention in Which a selected percentage of 
the modi?ed sugars added to a peptide are added to multiple, 
identical acceptor sites on the peptide. “Essentially each 
member of the population” speaks to the “homogeneity” of 
the sites on the peptide conjugated to a modi?ed sugar and 
refers to conjugates of the invention, Which are at least about 
80%, preferably at least about 90% and more preferably at 
least about 95% homogenous. 

“Homogeneity,” refers to the structural consistency across 
a population of acceptor moieties to Which the modi?ed sug 
ars are conjugated. Thus, in a peptide conjugate of the inven 
tion in Which each modi?ed sugar moiety is conjugated to an 
acceptor site having the same structure as the acceptor site to 
Which every other modi?ed sugar is conjugated, the peptide 
conjugate is said to be about 100% homogeneous. Homoge 
neity is typically expressed as a range. The loWer end of the 
range of homogeneity for the peptide conjugates is about 
60%, about 70% or about 80% and the upper end of the range 
of purity is about 70%, about 80%, about 90% or more than 
about 90%. 

When the peptide conjugates are more than or equal to 
about 90% homogeneous, their homogeneity is also prefer 
ably expressed as a range. The loWer end of the range of 
homogeneity is about 90%, about 92%, about 94%, about 
96% or about 98%. The upper end of the range of purity is 
about 92%, about 94%, about 96%, about 98% or about 100% 
homogeneity. The purity of the peptide conjugates is typically 
determined by one or more methods knoWn to those of skill in 
the art, e.g., liquid chromatography-mass spectrometry (LC 
MS), matrix assisted laser desorption mass time of ?ight 
spectrometry (MALDITOF), capillary electrophoresis, and 
the like. 

Where substituent groups are speci?ed by their conven 
tional chemical formulae, Written from left to right, they 
equally encompass the chemically identical substituents that 
Would result from Writing the structure from right to left, e.g., 
iCHZOi is equivalent to 4OCH2i. 

The term “alkyl,” by itself or as part of another substituent, 
means, unless otherWise stated, a straight or branched chain, 
or cyclic hydrocarbon radical, or combination thereof, Which 
may be fully saturated, mono- or polyunsaturated and can 
include di- and multivalent radicals, having the number of 
carbon atoms designated (i.e. Cl-Cl0 means one to ten car 
bons). Examples of saturated hydrocarbon radicals include, 
but are not limited to, groups such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl, 
(cyclohexyl)methyl, cyclopropylmethyl, homologs and iso 
mers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and 
the like. An unsaturated alkyl group is one having one or more 
double bonds or triple bonds. Examples of unsaturated alkyl 
groups include, but are not limited to, vinyl, 2-propenyl, 
crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1, 
4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and 
the higher homologs and isomers. Alkyl groups Which are 
limited to hydrocarbon groups are termed “homoalkyl”. 

20 

30 

35 

40 

45 

50 

55 

60 

65 

12 
The term “alkylene” by itself or as part of another substitu 

ent means a divalent radical derived from an alkyl, as exem 

pli?ed, but not limited, by iCH2CH2CH2CH2i. Likewise, 
the term “heteroalkylene” means a divalent radical derived 
from an heteroalkyl. Typically, an alkyl (or alkylene) group 
Will have from 1 to 24 carbon atoms, With those groups having 
10 or feWer carbon atoms being preferred in the present 
invention. A “loWer alkyl” or “loWer alkylene” is a shorter 
chain alkyl or alkylene group, generally having eight or feWer 
carbon atoms. 
The terms “alkoxy,” “alkylamino” and “alkylthio” (or thio 

alkoxy) are used in their conventional sense, and refer to those 
alkyl groups attached to the remainder of the molecule via an 
oxygen atom, an amino group, or a sulfur atom, respectively. 
The term “heteroalkyl,” by itself or in combination With 

another term, means, unless otherWise stated, a stable straight 
or branched chain, or cyclic hydrocarbon radical, or combi 
nations thereof, consisting of the stated number of carbon 
atoms and at least one heteroatom selected from the group 
consisting of O, N, P, Si and S, and Wherein the nitrogen and 
sulfur atoms may optionally be oxidiZed and the nitrogen 
heteroatom may optionally be quaterniZed. The 
heteroatom(s) O, N, P and S and Si may be placed at any 
interior position of the heteroalkyl group or at the position at 
Which the alkyl group is attached to the remainder of the 
molecule. Examples include, but are not limited to, 4CH2i 
CH2iO4CH3, iCH24CH2iNHiCH3, 4CH2i 
CH2iN(CH3)iCH3, iCH2iS4CH24CH3, 4CH2i 
CH2iCH2iS(O)2iCH3, 4CH:CHiO4CH3, iSi 
(CH3)3, 4CH24CH:NiOCH3, 4CH:CHiN(CH3)i 
CH3, O4CH3, 4O4CH24CH3, and 4CN. Up to tWo 
heteroatoms may be consecutive, such as, for example, 
4CH2iNHiOCH3 and iCH24OiSi(CH3)3. Similarly, 
the term “heteroalkylene” by itself or as part of another sub 
stituent means a divalent radical derived from heteroalkyl, as 

exempli?ed, but not limited by, 4CH24CH2iS4CH2i 
CHZi and 4CH2iS4CH24CH2iNHiCH2i. For 
heteroalkylene groups, heteroatoms can also occupy either or 
both of the chain termini (e.g., alkyleneoxy, alkylenedioxy, 
alkyleneamino, alkylenediamino, and the like). Still further, 
for alkylene and heteroalkylene linking groups, no orienta 
tion of the linking group is implied by the direction in Which 
the formula of the linking group is Written. For example, the 
formula 4C(O)2R'i represents both 4C(O)2R'i and 
iR'C(O)2i. As described above, heteroalkyl groups, as 
used herein, include those groups that are attached to the 
remainder of the molecule through a heteroatom, such as 
4C(O)R', iC(O)NR', iNR'R", 40R‘, iSR', and/or 
iSOZR'. Where “heteroalkyl” is recited, folloWed by recita 
tions of speci?c heteroalkyl groups, such as iNR'R" or the 
like, it Will be understood that the terms heteroalkyl and 
iNR'R" are not redundant or mutually exclusive. Rather, the 
speci?c heteroalkyl groups are recited to add clarity. Thus, the 
term “heteroalkyl” should not be interpreted herein as exclud 
ing speci?c heteroalkyl groups, such as iNR'R" or the like. 
The terms “cycloalkyl” and “heterocycloalkyl”, by them 

selves or in combination With other terms, represent, unless 
otherWise stated, cyclic versions of “alkyl” and “heteroalkyl”, 
respectively. Additionally, for heterocycloalkyl, a heteroatom 
can occupy the position at Which the heterocycle is attached to 
the remainder of the molecule. Examples of cycloalkyl 
include, but are not limited to, cyclopentyl, cyclohexyl, 1-cy 
clohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. 
Examples of heterocycloalkyl include, but are not limited to, 
1-(1,2,5,6-tetrahydropyridyl), l-piperidinyl, 2-piperidinyl, 
3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofu 
ran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahy 
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drothien-3 -yl, l-piperaZinyl, 2-piperaZinyl, and the like. The 
terms “cycloalkylene” and “heterocycloalkylene,” by them 
selves or as part of another substituent, means a divalent 
radical derived from a cycloalkyl or heterocycloalkyl, respec 
tively. 

The terms “halo” or “halogen,” by themselves or as part of 
another substituent, mean, unless otherWise stated, a ?uorine, 
chlorine, bromine, or iodine atom. Additionally, terms such as 
“haloalkyl,” are meant to include monohaloalkyl and polyha 
loalkyl. For example, the term “halo(Cl-C4)alkyl” is mean to 
include, but not be limited to, tri?uoromethyl, 2,2,2-tri?uo 
roethyl, 4-chlorobutyl, 3-bromopropyl, and the like. 

The term “aryl” means, unless otherWise stated, a polyun 
saturated, aromatic, hydrocarbon substituent Which can be a 
single ring or multiple rings (preferably from 1 to 3 rings) 
Which are fused together or linked covalently. The term “het 
eroaryl” refers to aryl groups (or rings) that contain from one 
to four heteroatoms selected from N, O, and S, Wherein the 
nitrogen and sulfur atoms are optionally oxidiZed, and the 
nitrogen atom(s) are optionally quaterniZed. A heteroaryl 
group can be attached to the remainder of the molecule 
through a heteroatom. Non-limiting examples of aryl and 
heteroaryl groups include phenyl, l-naphthyl, 2-naphthyl, 
4-biphenyl, l-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyraZolyl, 
2-imidaZolyl, 4-imidaZolyl, pyraZinyl, 2-oxaZolyl, 4-ox 
aZolyl, 2-phenyl-4-oxaZolyl, 5-oxaZolyl, 3-isoxaZolyl, 
4-isoxaZolyl, 5-isoxaZolyl, 2-thiaZolyl, 4-thiaZolyl, 5-thiaZ 
olyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-py 
ridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benZothiaZolyl, 
purinyl, 2-benZimidaZolyl, 5-indolyl, l-isoquinolyl, 5-iso 
quinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 
6-quinolyl. Substituents for each of the above noted aryl and 
heteroaryl ring systems are selected from the group of accept 
able substituents described beloW. The terms “arylene” and 
“heteroarylene,” by themselves or as part of another substitu 
ent, means a divalent radical derived from a aryl or heteroaryl, 
respectively. 

For brevity, the term “aryl” When used in combination With 
other terms (e.g., aryloxy, arylthioxy, arylalkyl) includes both 
aryl and heteroaryl rings as de?ned above. Thus, the term 
“arylalkyl” is meant to include those radicals in Which an aryl 
group is attached to an alkyl group (e.g., benZyl, phenethyl, 
pyridylmethyl and the like) including those alkyl groups in 
Which a carbon atom (e.g., a methylene group) has been 
replaced by, for example, an oxygen atom (e.g., phenoxym 
ethyl, 2-pyridyloxymethyl, 3 -( l -naphthyloxy)propyl, and the 
like). 

The term “oxo” as used herein means an oxygen that is 
double bonded to a carbon atom. 

Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “aryl” 
and “heteroaryl”) are meant to include both substituted and 
unsubstituted forms of the indicated radical. Preferred sub 
stituents for each type of radical are provided beloW. 

Substituents for the alkyl and heteroalcyl radicals (includ 
ing those groups often referred to as alkylene, alkenyl, het 
eroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocy 
cloallkyl, cycloalkenyl, and heterocycloalkenyl) can be one 
or more of a variety of groups selected from, but not limited 
to: 40R‘, :0, :NR', :N4OR', iNR'R", iSR', -halo 
gen, iSiR'R"R'", 4OC(O)R', 4C(O)R', iCOZR', 
iCONR'R", 4OC(O)NR'R", iNR"C(O)R', iNR'4C(O) 
NRIIRHI, iNRIIC(O)2RI, iNR4C(NRIRHRHI):NRHH, 
iNRiC(NR'R"):NR'", iS(O)R', iS(O)2R', iS(O)2 
NR'R", iNRSOZR', iCN and iNOZ in a number ranging 
from Zero to (2 m'+l), Where m' is the total number of carbon 
atoms in such radical. R', R", R'" and R'"' each preferably 
independently refer to hydrogen, substituted or unsubstituted 
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14 
heteroalkyl, substituted or unsubstituted aryl, e.g., aryl sub 
stituted With 1-3 halogens, substituted or unsubstituted alkyl, 
alkoxy or thioalkoxy groups, or arylalkyl groups. When a 
compound of the invention includes more than one R group, 
for example, each of the R groups is independently selected as 
are each R', R", R'" and R'"' groups When more than one of 
these groups is present. When R' and R" are attached to the 
same nitrogen atom, they can be combined With the nitrogen 
atom to form a 5-, 6-, or 7-membered ring. For example, 
iNR'R" is meant to include, but not be limited to, l-pyrro 
lidinyl and 4-morpholinyl. From the above discussion of sub 
stituents, one of skill in the art Will understand that the term 
“alkyl” is meant to include groups including carbon atoms 
bound to groups other than hydrogen groups, such as 
haloalkyl (e.g., ‘C133 and 4CH2CF3) and acyl (e.g., 4C(O) 
CH3, iC(O)CF3, 4C(O)CH2OCH3, and the like). 

Similar to the substituents described for the alkyl radical, 
sub stituents for the aryl and heteroaryl groups are varied and 
are selected from, for example: halogen, iOR', :0, :NR', 
:NiOR', iNR'R", iSR', -halogen, iSiR'R"R'", 40C 
(O)R', iC(O)R', 4CO2R', iCONR'R", iOC(O)NR'R", 
iNR"C(O)R', iNR'4C(O)NR"R'", iNR"C(O)2R', 
iNRiC(NRIRIIRHI):NRIHI’ iNRiC(NRIRII):NRIII’ 
iS(O)R', iS(O)2R', iS(O)2NR'R", iNRSOZR', 4CN 
and iNOZ, iR', iN3, iCH(Ph)2, ?uoro(Cl-C4)alkoxy, 
and ?uoro (Cl -C4)alkyl, in a number ranging from Zero to the 
total number of open valences on the aromatic ring system; 
and Where R', R", R'" and R'"' are preferably independently 
selected from hydrogen, alkyl, heteroalkyl, aryl and het 
eroaryl. When a compound of the invention includes more 
than one R group, for example, each of the R groups is 
independently selected as are each R', R", R'" and R'"' groups 
When more than one of these groups is present. 
TWo of the substituents on adjacent atoms of the aryl or 

heteroaryl ring may optionally be replaced With a substituent 
of the formula -T-C(O)i(CRR')qiUi, Wherein T and U 
are independently iNRi, iOi, 4CRR'i or a single 
bond, and q is an integer of from 0 to 3. Alternatively, tWo of 
the substituents on adjacent atoms of the aryl or heteroaryl 
ring may optionally be replaced With a substituent of the 
formula -A-(CH2),iBi, Wherein A and B are indepen 
dently iCRR'i, 40*, iNRi, iSi, iS(O)i, 
iS(O)2i, iS(O)2NR'i or a single bond, and r is an inte 
ger of from 1 to 4. One of the single bonds of the neW ring so 
formed may optionally be replaced With a double bond. Alter 
natively, tWo of the substituents on adjacent atoms of the aryl 
or heteroaryl ring may optionally be replaced With a substitu 
ent of the formula i(CRR')SiX'i(C"R'")F, Where s and 
d are independently integers of from 0 to 3, and X‘ is 40*, 
iNR'i, iSi, iS(O)i, iS(O)2i, or iS(O)2NR'i. 
The substituents R, R', R" and R'" are preferably indepen 
dently selected from hydrogen or substituted or unsubstituted 
(Cl-C6)alkyl. 
As used herein, the term “heteroatom” is meant to include 

oxygen (0), nitrogen (N), sulfur (S), phosphorus (P), and 
silicon (Si). 
The neutral forms of the compounds are preferably regen 

erated by contacting the salt With a base or acid and isolating 
the parent compound in the conventional manner. The parent 
form of the compound differs from the various salt forms in 
certain physical properties, such as solubility in polar sol 
vents. 

In addition to salt forms, the present invention provides 
compounds, Which are in a prodrug form. Prodrugs of the 
compounds described herein are those compounds that 
readily undergo chemical changes under physiological con 
ditions to provide the compounds of the present invention. 
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Additionally, prodrugs can be converted to the compounds of 
the present invention by chemical or biochemical methods in 
an ex vivo environment. For example, prodrugs can be sloWly 
converted to the compounds of the present invention When 
placed in a transdermal patch reservoir With a suitable 
enZyme or chemical reagent. 

Certain compounds of the present invention can exist in 
unsolvated forms as Well as solvated forms, including 
hydrated forms. In general, the solvated forms are equivalent 
to unsolvated forms and are encompassed Within the scope of 
the present invention. Certain compounds of the present 
invention may exist in multiple crystalline or amorphous 
forms. In general, all physical forms are equivalent for the 
uses contemplated by the present invention and are intended 
to be Within the scope of the present invention. 

Certain compounds of the present invention possess asym 
metric carbon atoms (optical centers) or double bonds; the 
racemates, diastereomers, geometric isomers and individual 
isomers are encompassed Within the scope of the present 
invention. 

The compounds of the present invention may also contain 
unnatural proportions of atomic isotopes at one or more of the 
atoms that constitute such compounds. For example, the com 
pounds may be radiolabeled With radioactive isotopes, such 
as for example tritium (3H, iodine-125 (IZSI) or carbon-l4 
(14C). All isotopic variations of the compounds of the present 
invention, Whether radioactive or not, are encompassed 
Within the scope of the present invention. 

The terms “large-scale” and “industrial-scale” are used 
interchangeably and refer to a reaction cycle that produces at 
least about 250 mg of peptide conjugate. In an exemplary 
embodiment, the reaction cycle produces at least about 500 
mg of peptide conjugate. In another exemplary embodiment, 
the reaction cycle produces at least about 1 gram of peptide 
conjugate. 
Introduction 

The invention provides methods of preparing conjugates of 
glycosylated and unglycosylated peptides. The conjugates 
are formed betWeen peptides and diverse modifying group 
species such as Water-soluble polymers, therapeutic moieties, 
toxins, peptides, diagnostic moieties, targeting moieties and 
the like. The conjugates of the invention are substantially 
formed intracellularly, generally using intracellular enZy 
matic components. Typically, a modi?ed sugar is contacted 
and incubated With a cell under conditions in Which the cell 
internaliZes the modi?ed sugar. The internaliZed modi?ed 
sugar is then contacted by the cellular machinery. 

Using the site speci?city of intracellular enZyme compo 
nents, such as glycosyltransferases, peptides bearing a 
desired group at one or more speci?c locations are generated. 
Thus, according to the present invention, a modi?ed sugar is 
attached directly to a selected locus on the peptide chain or, 
alternatively, the modi?ed sugar is appended onto a carbohy 
drate moiety of a glycopeptide. Peptides in Which modi?ed 
sugars are bound to both a glycopeptide carbohydrate and 
directly to an amino acid residue of the peptide backbone are 
also Within the scope of the present invention. The modi?ed 
sugar, When interposed betWeen the peptide and the modify 
ing group on the sugar becomes What is referred to herein as 
a “glycosyl linking group” (e.g., an intact glycosyl linking 
group). 

The methods of the present invention include assembly of 
peptides and glycopeptides that have a substantially homo 
geneous derivatiZation pattern; the enZymes used in the 
invention are generally selective for a particular amino acid 
residue or combination of amino acid residues of the peptide. 
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The methods also include large-scale production of modi?ed 
peptides and glycopeptides. Thus, the methods of the inven 
tion provide a practical means for large-scale preparation of 
glycopeptides having preselected uniform derivatiZation pat 
terns. The methods are particularly Well suited for modi?ca 
tion of therapeutic peptides, including but not limited to, 
glycopeptides that are incompletely glycosylated during pro 
duction in cell culture cells (e.g., mammalian cells, insect 
cells, plant cells, fungal cells, yeast cells, or prokaryotic cells) 
or transgenic plants or animals. 
The methods of the invention also provide conjugates of 

glycosylated and unglycosylated peptides With increased 
therapeutic half-life due to, for example, reduced clearance 
rate, reduced rate of uptake by the immune or reticuloendot 
helial system (RES), or increased siZe. Moreover, the meth 
ods of the invention provide a means for masking antigenic 
determinants on peptides, thus reducing or eliminating a host 
immune response against the peptide. Selective attachment of 
targeting agents can also be used to target a peptide to a 
particular tissue or cell surface receptor that is speci?c for the 
particular targeting agent. Moreover, there is provided a class 
of peptides that are speci?cally modi?ed With a therapeutic 
moiety. 
1. Intracellular Methods of Forming a Peptide Conjugate 

In a ?rst aspect, the present invention provides methods of 
forming a peptide conjugate Within a cell Where the peptide 
conjugate includes a covalent linkage betWeen a modifying 
group and a glycosylated or non-glycosylated peptide. The 
link betWeen the peptide and the modifying group includes a 
glycosyl linking group (e. g., an intact glycosyl linking group) 
interposed betWeen the peptide and the modifying group. 
Modifying groups are attached to one or more saccharide 
units, resulting in a “modi?ed sugar” that is recogniZed by an 
appropriate intracellular enZyme. 
The methods include the step of contacting a cell With a 

modi?ed sugar having a sugar moiety and at least one modi 
fying group. The modifying group is typically selected from 
a Water-soluble polymer, a therapeutic moiety, a detectable 
label, a biomolecule and a targeting moiety. 
The cell is incubated under conditions in Which the cell 

internaliZes the modi?ed sugar. After incubation, the modi 
?ed sugar is intracellularly contacted With a glycosylated or 
non-glycosylated peptide and a glycosyltransferase for Which 
the modi?ed sugar is a substrate resulting in the formation of 
a peptide conjugate. 

Finally, the peptide conjugate may be isolated from the 
cell. 

In some embodiments, the modi?ed sugar is intracellularly 
contacted With intracellular enZymes other than a glycosyl 
transferase before attachment to a glycosylated or non-gly 
cosylated peptide. For example, the modi?ed sugar may be 
intracellularly contacted With a nucleotide and a nucleotidyl 
transferase resulting in the formation of a modi?ed nucleotide 
sugar. The modi?ed nucleotide sugar is then intracellularly 
contacted With a glycosylated or non-glycosylated peptide 
and a glycosyltransferase for Which the modi?ed nucleotide 
sugar is a substrate resulting in the formation of a peptide 
conjugate. 

Alternatively, the modi?ed sugar that is contacted With the 
cell is a modi?ed nucleotide sugar having a sugar moiety and 
at least one modifying group. The modifying group is inde 
pendently selected from a Water-soluble polymer, a therapeu 
tic moiety, a detectable label, a biomolecule and a targeting 
moiety. The cell is incubated under conditions in Which the 
cell intemaliZes the modi?ed nucleotide sugar. After incuba 
tion, the modi?ed nucleotide sugar is intracellularly con 
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tacted With a glycosylated or non-glycosylated peptide and a 
glycosyltransferase for Which the modi?ed nucleotide sugar 
is a substrate to form the peptide conjugate. Finally, the pep 
tide conjugate may be isolated. 

In another embodiment, the modi?ed sugar is a precursor 
modi?ed sugar that is intracellularly converted to an interme 
diate modi?ed sugar by cellular enZymes. In a related 
embodiment, the intermediate modi?ed sugar is a phospho 
rylated modi?ed sugar. The phosphorylated modi?ed sugar is 
formed by intracellularly contacting the unphosphorylated 
modi?ed sugar With a kinase for Which the unphosphorylated 
modi?ed sugar is a substrate. The phosphorylated modi?ed 
nucleotide sugar is thereby formed. 

In another embodiment, the modi?ed sugar that is con 
tacted With the cell is a modi?ed activated sugar having a 
sugar moiety and at least one modifying group. The modify 
ing group is independently selected from a Water-soluble 
polymer, a therapeutic moiety, a detectable label, a biomol 
ecule and a targeting moiety. The cell is incubated under 
conditions in Which the cell intemaliZes the modi?ed acti 
vated sugar. After incubation, the modi?ed activated sugar is 
intracellularly contacted With a glycosylated or non-glycosy 
lated peptide and a glycosyltransferase for Which the modi 
?ed activated sugar is a substrate to form the peptide conju 
gate. Finally, the peptide conjugate may be isolated. 
Modi?ed activated sugars are modi?ed sugars Which have 

been synthetically altered to include an activated leaving 
group. As used herein, the term “activated leaving group” 
refers to those moieties that are easily displaced in enzyme 
regulated nucleophilic substitution reactions. Examples of 
activating leaving groups include ?uoro, chloro, bromo, tosy 
late ester, mesylate ester, tri?ate ester and the like. Preferred 
activated leaving groups, for use in the present invention, are 
those that do not signi?cantly sterically encumber the enZy 
matic transfer of the glycoside to the acceptor. 

Accordingly, exemplary modi?ed activated sugars include 
glycosyl ?uorides and glycosyl mesylates. Among the glyco 
syl ?uorides, ot-galactosyl ?uoride, ot-mannosyl ?uoride, 
ot-glucosyl ?uoride, ot-fucosyl ?uoride, ot-xylosyl ?uoride, 
ot-sialyl ?uoride, ot-N-acetylglucosaminyl ?uoride, ot-N 
acetylgalactosaminyl ?uoride, [3-galactosyl ?uoride, [3-man 
nosyl ?uoride, [3-glucosyl ?uoride, [3-fucosyl ?uoride, [3-xy 
losyl ?uoride, [3-sialyl ?uoride, [3-N-acetylglucosaminyl 
?uoride and [3-N-acetylgalactosaminyl ?uoride are particu 
larly useful. 
By Way of illustration, glycosyl ?uorides can be prepared 

from the free sugar by ?rst acetylating the sugar and then 
treating it With HF/pyridine. This generates the thermody 
namically most stable anomer of the protected (acetylated) 
glycosyl ?uoride (i.e., the ot-glycosyl ?uoride). If the less 
stable anomer (i.e., the [3-glycosyl ?uoride) is desired, it can 
be prepared by converting the peracetylated sugar With HBr/ 
HOAc or With HCI to generate the anomeric bromide or 
chloride. This intermediate is reacted With a ?uoride salt such 
as silver ?uoride to generate the glycosyl ?uoride. Acetylated 
glycosyl ?uorides may be deprotected by reaction With mild 
(catalytic) base in methanol (e.g. NaOMe/MeOH). In addi 
tion, many glycosyl ?uorides are commercially available. 

Other activated glyco syl derivatives can be prepared using 
conventional methods knoWn to those of skill in the art. For 
example, glycosyl mesylates can be prepared by treatment of 
the fully benZylated hemiacetal form of the sugar With mesyl 
chloride, folloWed by catalytic hydrogenation to remove the 
benZyl groups. 

The intracellular enZymes used in the present invention 
may be recombinant enZymes, Which can be expressed at a 
variety of time points. For example, the recombinant enZyme 
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may be expressed concurrently With the expression of the 
glycosylated or non-glycosylated peptide of the invention. 
Alternatively, the recombinant enZyme is a recombinant 
nucleotidyl transferase expressed concurrently With the 
expression of the glycosylated or non-glycosylated peptide. 
The recombinant enZyme may also be a recombinant glyco 
syltransferase expressed concurrently With the expression of 
the glycosylated or non-glycosylated peptide. In addition, the 
recombinant enZyme may be a recombinant kinase expressed 
concurrently With the expression of the glycosylated or non 
glycosylated peptide. 

A. Contacting a Modi?ed Sugar With a Cell 

In one embodiment, the methods of the present invention 
comprise contacting a cell With a modi?ed sugar and incu 
bating the cell under conditions in Which the cell intemaliZes 
the modi?ed sugar. Modi?ed sugars intemaliZed by the cell 
are then intracellularly contacted With enZymes to form the 
peptide conjugates. Methods of intracellularly contacting the 
internaliZed modi?ed sugar With enZymes to form the peptide 
conjugates are described beloW. This section focuses on 
methods of cellular internaliZation of the modi?ed sugar. 

The modi?ed sugar may be a modi?ed nucleotide sugar, 
Which is contacted With a cell and incubated under conditions 
in Which the cell intemaliZes the modi?ed nucleotide sugar. 
Modi?ed nucleotide sugars intemaliZed by the cell are then 
intracellularly contacted With enZymes to form the peptide 
conjugates. 
The modi?ed sugar may also be a modi?ed activated sugar. 

The modi?ed activated sugar may be contacted With a cell and 
incubated under conditions in Which the cell intemaliZes the 
modi?ed activated sugar. Modi?ed activated sugar intemal 
iZed by the cell are then intracellularly contacted With 
enZymes to form the peptide conjugates. 
A Wide variety of methodologies and conditions are useful 

for cellular intemaliZation of the modi?ed sugar. In one 
embodiment, the modi?ed sugar is contacted With the cell and 
internaliZed by a cellular molecular uptake mechanism. In an 
exemplary embodiment, a modi?ed sugar is a modi?ed sialic 
acid that is added to a eukaryotic cell culture. Using a sialic 
acid molecular uptake mechanism, the eukaryotic cell 
actively internaliZes the modi?ed sialic acid. In another 
exemplary embodiment, a modi?ed sialic acid is added to a 
prokaryotic cell, Which actively intemaliZes the modi?ed 
sialic acid. A variety of molecular uptake mechanisms for 
modi?ed sugars are useful in the current invention, such as 
those described in Oetke et al., J. Biol. Chem, 277:6688-6695 
(2002) and Hills et al., American Biotechnology Laboratory, 
20:30 (2002). 

In another embodiment, the internaliZation of modi?ed 
sugar is enhanced by a suitable method. Methods useful in 
enhancing internaliZation of modi?ed sugars are described in 
Us. patent application Ser. No. 10/287,994, Which is com 
monly oWned by the same assignee and herein incorporated 
by reference in its entirety for all purposes. In an exemplary 
embodiment, cellular internaliZation of the modi?ed sugar is 
enhanced With the use of permeabiliZing agents. Permeabi 
liZing agents useful in the current invention include deter 
gents, solvents, ZWitterionic reagents, lipids and proteins. In 
another exemplary embodiment, cellular internaliZation of 
the modi?ed sugar is enhanced using mechanical methods 
such as oxygen sparging, gas sparging, mixing, temperature 
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variations, freeZe-thaW, sonication, electroporation, microin 
jection and microwaves. In another exemplary embodiment, 
cellular intemaliZation of the modi?ed sugar is enhanced 
using liposomes to deliver the modi?ed sugar to the cell. 

The modifying group of the modi?ed sugar can be in a 
masked, latent, inchoate or nascent form. Masking groups 
may be liberated in any convenient Way. In an exemplary 
embodiment, ketal or enols may be converted to correspond 
ing ketones by loW pH facilitated hydrolysis. Alternatively, 
many speci?c enZymes are knoWn to cleave speci?c protect 
ing groups, thereby unmasking the modifying group of the 
modi?ed sugar. 

The modi?ed sugar may be contacted With the cell at a 
variety of time points. For example, the modi?ed sugar may 
be contacted With the cell before inducing the expression of 
the glycosylated or non-glycosylated peptide. Alternatively, 
the modi?ed sugar is contacted With the cell after inducing the 
expression of the glycosylated or non-glycosylated peptide. 
The modi?ed sugar may also be contacted With the cell While 
inducing the expression of the glycosylated or non-glycosy 
lated peptide. In another exemplary embodiment, the modi 
?ed sugar is added during the cellular groWth phase. 
A variety of cells are useful in the methods of the current 

invention. Cells are typically chosen that are capable of inter 
naliZing the modi?ed sugar using one of the methods 
described above. Cells may be in culture, such as immortal 
iZed or primary cultures, or in situ, such as organism resident 
cells. 

Cells may be screened for their ability to internaliZe a 
modi?ed sugar. A variety of methods may be used to screen 
for cells capable of internaliZing modi?ed sugars. In an exem 
plary embodiment, internalization of the modi?ed sugar is 
evaluated by lysing the cell, isolating the modi?ed sugar and 
quantitating the modi?ed sugar. Exemplary isolation meth 
ods include a?inity chromatography, thin or thick layer chro 
matography, siZe exclusion chromatography, ion exchange 
chromatography, electrophoresis, dialysis or membrane ?l 
tration. Exemplary quantitation methods include light absor 
bance, ?uorescence emission, phosphorescence emission, 
mass spectrometry, protein binding assays (e.g. ELISA), and 
the like. 

Cells useful in the current invention include prokaryotic 
and eukaryotic cells, including mammalian, insect, bacterial, 
fungal, and yeast cells. See Section 8 beloW. 

B. Intracellularly Contacting Modi?ed Nucleotide Sugar 
With a Glycosyltransferase 

In another exemplary embodiment, the method of the 
present invention includes intracellularly contacting a modi 
?ed nucleotide sugar With a glycosylated or non-glycosylated 
peptide and a glycosyltransferase, trans-sialidase, or an ami 
dase or endoglycanase having synthetic abilities, e. g., a 
mutant. 

Intracellular glycosyltransferases catalyZe the transfer of 
the modi?ed sugar moiety to a glycosylated or non-glycosy 
lated peptide to form a peptide conjugate. The peptide con 
jugate comprises a modifying group conjugated to the peptide 
via a glycosyl linking group betWeen and covalently linked to 
both the peptide and the modifying group. 

The modi?ed sugars are intracellularly conjugated to a 
glycosylated or non-glycosylated peptide using an appropri 
ate intracellular glycosyltransferase to mediate the conjuga 
tion. A number of methods of using glycosyltransferases to 
synthesiZe desired oligosaccharide structures are knoWn and 
are generally applicable to the intracellular methods of the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
instant invention. Exemplary methods are described, for 
instance, WO 96/32491, Ito et al., Pure Appl. Chem. 65: 753 
(1993), and US. Pat. Nos. 5,352,670, 5,374,541, and 5,545, 
553, Which are herein incorporated by reference in their 
entirety for all purposes. 

Exemplary attachment points for modi?ed sugars onto the 
peptide include, but are not limited to: (a) consensus sites for 
N-linked glycosylation and O-linked glycosylation; (b) ter 
minal glycosyl moieties that are acceptors for a glycosyl 
transferase; (c) arginine, asparagine and histidine; (d) free 
carboxyl groups; (e) free sulfhydryl groups such as those of 
cysteine; (f) free hydroxyl groups such as those of serine, 
threonine, or hydroxyproline; (g) aromatic residues such as 
those of phenylalanine, tyrosine, or tryptophan; or (h) the 
amide group of glutamine. Exemplary methods of use in the 
present invention are described in WO 87/05330 published 
Sep. 11, 1987, and in Aplin and Wriston, CRC CRIT. REV. 
BIOCHJEM., pp. 259-306 (1981). 

In an exemplary embodiment, a glycosyltransferase trans 
fers a modi?ed sugar to a glycan structure attached to the 

peptide. Thus, the peptide is conjugated to the modifying 
group via a glycosyl linking group at the end of, or Within, the 
glycan structure of the peptide. 

The modi?ed sugar may be added to the groWing glycan 
structure of the peptide by a glycosyltransferase. The result 
ing peptide contains modi?ed sugar at an internal position of 

the glycan structure. In an exemplary embodiment, an intra 

cellular galactosyltransferase may catalyZe the transfer of 
Gal-PEG from UDP-Gal-PEG onto the glycan, folloWed by 
addition of a sialic acid using intracellular ST3Gal3 and 

CMP-SA, Which serves to add a “capping” unmodi?ed sialic 

acid onto the glycan. Alternatively, the sialic acid may be 
added in vitro. 

In another exemplary embodiment, at least tWo different 
modi?ed sugars are intracellularly added to the glycan (or 
amino acid residue) structures on the peptide. In this manner, 
tWo or more different glycoconjugates may be added to one or 

more glycan on a peptide. This process generates glycan 
structures having tWo or more functionally different modi?ed 

sugars. In an exemplary embodiment, intracellularly contact 
ing the peptide With GnT-I,II and UDP-GlcNAc-PEG serves 
to add a GlcNAc-PEG molecule to the glycan; contact With 
intracellularly galactosyltransferase and UDP-Gal then 
serves to add a Gal residue thereto; and, contact With intrac 
ellularly ST3Gal3 and CMP-SA modi?ed With a therapeutic 
moiety serves to add a SA modi?ed With a therapeutic moiety 
to the glycan. This series of intracellularly reactions results in 
a glycan chain having the functional characteristics of a 
PEGylated glycan as Well as the therapeutic moiety targeting 
activity. alternatively, the steps of adding sugars to the peptide 
conjugate may be performed in vitro. 

In the discussion that folloWs, the invention is exempli?ed 
by the conjugation of modi?ed sialic acid moieties to a gly 
cosylated peptide Within a cell. The exemplary modi?ed 
sialic acid is labeled With PEG. The focus of the folloWing 
discussion on the use of PEG-modi?ed sialic acid and glyco 
sylated peptides is for clarity of illustration and is not 
intended to imply that the invention is limited to the conju 
gation of these tWo partners. One of skill understands that the 
discussion is generally applicable to the additions of modi?ed 
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glycosyl moieties other than sialic acid. Moreover, the dis 
cussion is equally applicable to the modi?cation of a glycosyl 
unit With any applicable modifying moiety, including Water 
soluble polymers, Water-insoluble polymers, therapeutic 
moieties, and biomolecules. 

An intracellular enzymatic approach is used for the selec 

22 
An acceptor for the glycosyltransferase is present on the 

peptide to be modi?ed by the methods of the present invention 
either as a naturally occurring structure or one placed there 

recombinantly, enZymatically or chemically. Suitable accep 
tors, include, for example, galactosyl acceptors of sialyltrans 
ferases, such as Gal[3l,4GlcNAc, Gal[3l,4GalNAc, Gal[3l, 
3GalNAc, lacto-N-tetraose, Gal[3l,3GlcNAc, Gal[3 l ,3Ara, 
Gal[3l,6GlcNAc, Gal[3l,4Glc (lactose), and other acceptors 

. . . . - 10 

nVe lmroducnon Ofa modl?ed Sugar Onto a Pepnde or glyco' knoWn to those of skill in the art (see, e.g., Paulson et al., J. 

peptide. The method utiliZes modi?ed sugars combined With Bl'Ol- Chem- 2531 5617-5624 (1978)). 

the appropriate intracellular glycosyltransferase. By select 

ing the glycosyltransferase that Wlll make the desired carbo- 15 In an exemplary embodiment’ a peptide or glycopeptide is 

hydrate hnkage and unhzmg the modl?ed Sugar as the donor labeled With galactose residues, or an oligosaccharide residue 

Substrate’ the modlfymg group can be Introduced dlrec?y that terminates in a galactose unit. Following the exposure of 

Onto the Peptide backbone, Onto existing Sugar residues of a 20 or addition of the galactose residues, an appropriate intracel 

glycopeptide, Or OntO Sugar residues that have been added I0 lular sialyl transferase adds a modi?ed sialic acid. The 

a peptide. approach is summarized in Scheme 1. 

Schemel 

NH2 

Gal 
Glycoprotein 

Intracellular 
Sialyltransferase 

PEG or PPG\ HO OH 

CMP-SA-S-NHCOCHZNH — PEG(PPG) 

Gal 
Glycoprotein 

Gal — SA-S-NHCOCHZNH — PEG 

Gal 
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In another embodiment, the modi?ed sugar is added 
directly to a free amino or hydroxyl group on the peptide 
backbone. Typically, the amino or hydroxyl group forms part 
of an amino acid side chain (e.g. serine, threonine, tyrosine 
and arginine). An exemplary embodiment is set forth in 
Scheme 2. 

5 

Schelmll 

O 

OH 
HO \NH 

O | /j\ HO O O 

I! l O N O 
NH 

O O/ |\O/ |\O 
O'+Na O'+Na 

HO OH 

NH 

PEG 

In yet a further approach, summariZed in Scheme 3, a 
masked reactive functionality is present on a modi?ed sialic 
acid. The masked reactive group is preferably unaffected 
under cellular conditions. After the intracellular covalent 
attachment of the modi?ed sialic acid to the peptide, the 
peptide conjugate is isolated from the cell and the mask is 
removed. The peptide may then be conjugated With any 
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Protein or Glycoprotein 

) 
Intracellular 

GalNAc Transferase 
(GalNAc T3) 

GalNH—CO(CH2)4NH — PEG 

30 appropriate additional modifying group, such as Water 
soluble polymer, a Water-insoluble polymer, a therapeutic 
moiety, a detectable label, and a biomolecule. The modifying 
group is conjugated to the peptide in a speci?c manner by its 
reaction With the unmasked reactive group on the modi?ed 
sugar residue. This process is typically used Where the modi 
fying group is an antibody or toxin. 

Scheme} 

NH; 

Gal 
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l k Gal J 
N O 
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Gal 

Intracellular 
Sialyltransferase 
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SA-S-NHCOCHZS — SEt 

Gal 

Gal—SA-5-NHCOCH2S —SEt 

Gal 

SA-S-NHCOCHZS — SEt 
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-continued 
SA-5-NHCOCHgS — PEG 

Gal 
Glycoprotein 

Gal — SA-S-NHCOCHZS — PEG 

Gal 

SA-S-NHCOCHZS — PEG 

One of skill in the art Will immediately recognize that any 
modi?ed sugar can be used With its appropriate glycosyl 
transferase, depending on the terminal sugars of the oligosac 
charide side chains of the glycopeptide. 

Exemplary intracellular glycosyltransferases useful in 
practicing the present invention include, but are not limited to, 
GalNAc transferases (GalNAc T1-14), GlcNAc transferases, 
fucosyltransferases, glycosyltransferases, xylosyltrans 
ferases, mannosyltransferases and the like. See Section 9 
beloW. Use of this approach alloWs the direct addition of 
modi?ed sugars onto peptides that lack any carbohydrates or, 
alternatively, onto existing glycopeptides. In both cases, the 
addition of the modi?ed sugar occurs at speci?c positions on 
the peptide backbone as de?ned by the substrate speci?city of 
the glycosyltransferase and not in a random manner as occurs 

during modi?cation of a protein’s peptide backbone using 
chemical methods. An array of modifying groups can be 
introduced into proteins or glycopeptides that lack the glyco 
syltransferase substrate peptide sequence by engineering the 
appropriate amino acid sequence into the peptide chain. Gly 
cosyltransferases of use in the methods of the current inven 
tion, along With their donor and acceptor substrates, are also 
discussed in detail in US. patent application Ser. No. 10/287, 
994 and US. Patent Application Publication No. 
20040063911, Which are commonly oWned by the same 
assignee and herein incorporated by reference in its entirety 
for all purposes. 

In each of the exemplary embodiments set forth above, one 
or more additional enZymatic modi?cation steps can be uti 
liZed, either in vitro or intracellularly, folloWing the conjuga 
tion of the modi?ed sugar to the peptide. In an exemplary 
embodiment, an enZyme (e.g., fucosyltransferase) is used to 
append a glycosyl unit (e.g., fucose) onto the terminal modi 
?ed sugar attached to the peptide. In another example, an 
enZymatic reaction is utiliZed to “cap” sites to Which the 
modi?ed sugar failed to conjugate. One of skill Will appreci 
ate that there is an array of enZymatic procedures that are 
useful in the methods of the invention at a stage after the 
modi?ed sugar is conjugated to the peptide both in vitro and 
intracellularly. Further elaboration of the modi?ed sugar 
peptide conjugate is Within the scope of the invention. 

A variety of glycosylated and non-glycosylated peptides 
are useful in conjunction With the current invention. Exem 
plary peptides are discussed beloW in Section 6. 

C. Formation of Modi?ed Nucleotide Sugars 

In another embodiment, the methods of the present inven 
tion comprise contacting a modi?ed sugar With a nucleotide 
and a nucleotidyl transferase to form a modi?ed nucleotide 
sugar. Nucleotidyl transferases catalyZe the reaction betWeen 

26 

1. dithiothreitol 
2. PEG-halide or PPG halide 
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modi?ed sugars and nucleotides to form modi?ed nucleotide 
sugars. The formation of a modi?ed nucleotide sugar may be 
performed in vitro or intracellularly. 

In an exemplary embodiment, the modi?ed sugar is con 

tacted in vitro With a nucleotidyl transferase and a nucleotide 

to form a modi?ed nucleotide sugar. The modi?ed nucleotide 

sugar is then contacted With a cell and incubated under con 

ditions in Which the cell internaliZes the modi?ed nucleotide 

sugar. The internalized modi?ed nucleotide sugar is then 

intracellularly contacted With a glycosyltransferase and a gly 
cosylated or non-glycosylated peptide to form a peptide con 

jugate. 
In another exemplary embodiment, the modi?ed sugar is 

contacted intracellularly With a nucleotidyl transferase and a 

nucleotide to from a modi?ed nucleotide sugar. The modi?ed 

nucleotide sugar is then intracellularly contacted With a gly 

cosyltransferase and a glycosylated or non-glycosylated pep 
tide to form a peptide conjugate. 

Modi?ed sugars useful in the methods of the present inven 

tion may include a phosphate, or a phospho-mono-, di- or 

tri-ester moiety. In an exemplary embodiment, a modi?ed 
sugar containing a phosphate moiety is intracellularly con 
tacted With a nucleotide and a nucleotidyl transferase to form 

a modi?ed nucleotide sugar. 

A variety of methods are used to form modi?ed sugars 

comprising a phosphate group (hereinafter referred to as 
“phosphorylated modi?ed sugars”). In one embodiment, the 
phosphorylated modi?ed sugars are formed in vitro. In an 

exemplary embodiment, a kinase is selected for Which the 
unphosphorylated modi?ed sugar is a substrate. The kinase is 
contacted With the unphosphorylated modi?ed sugar and a 
nucleotide under conditions in Which the unphosphorylated 
modi?ed sugar is phosphorylated. 

In an exemplary embodiment, unpho sphorylated modi?ed 
galactose is contacted With galactose kinase and ATP to form 
phosphorylated modi?ed galactose. The phosphorylated 
modi?ed galactose is then contacted With a cell and incubated 
under conditions in Which the cell intemaliZes the modi?ed 
sugar. The phosphorylated modi?ed galactose (a modi?ed 
sugar) is then intracellularly contacted With UDP-Galactose 
uridyltransferase (a nucleotidyl transferase) and UDP-glu 
cose (a nucleotide) to form modi?ed-UDP-galactose (a modi 
?ed nucleotide sugar). The resulting modi?ed-UDP-galac 
tose is then intracellularly contacted With a glycosylated or 
non-glycosylated peptide and the appropriate galactosyl 
transferase to form a peptide conjugate. 
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In another embodiment, the pho sphorylated modi?ed sug 
ars are formed intracellularly. In an exemplary embodiment, 
the unphosphorylated modi?ed sugar is intracellularly con 
tacted With the appropriate intracellular kinase and a ?rst 

28 
and the appropriate galactosyltransferase to form a peptide 
conjugate. 
Any suitable combination of nucleotide and nucleotidyl 

transferases may be used in conjunction With the current 

nucleotide to form the corresponding phosphorylated modi- 5 methods ofihe invention Typically’ the Choice ofpucleptide 
_ _ _ and nucleotidyl transferase Wlll depend upon the 1dent1ty of 

?ed sugar. The phosphorylated mod1?ed sugar is then 1ntra- the modi?ed Sugar‘ In an exemplary embodiment’ the Com_ 
Cellularly contacted Wlth the appropriate nucleondyl trans‘ bination of nucleotide and nucleotidyl transferase is chosen in 
ferase and nucleotide to form the modi?ed nucleotide Sugar- accordance With Table 1. However, one of skill Will recogniZe 
The resulting modi?ed nucleotide sugar is then intracellularly 10 that a variety ofother Combinations are useful in the methods 
contacted With a glycosylated or non-glycosylated peptide of the current invention. 

TABLE 1 

MODIFIED 

NUCLEOTIDYL NUCLEOTIDE SUGAR 

MODIFIED SUGAR TRANSFERASE NUCLEOTIDE PRODUCT 

Modi?ed N- Acylneurarninate CTP Modi?ed CMP-N 

acylneurarninate cytidylyltransferase acylneurarninate 
Modi?ed D-glucose l- Glucose-l-phosphate CTP Modi?ed CDP-glucose 
phosphate cytidylyltransferase 
Modi?ed alpha-D- Galactose- 1 —phosphate dTTP Modi?ed dTDP-galactose 
galactose l-phosphate thyrnidylytransferase 
Modi?ed alpha-D- Glucose-l-phosphate GTP Modi?ed GDP-glucose 
glucose l-phosphate guanylyltransferase 
Modi?ed L-fucose l- Fucose-l-phosphate GTP Modi?ed GDP-L-fucose 

phosphate guanylyltransferase 
Modi?ed alpha-D- Hexose- 1 —phosphate GTP Modi?ed GDP-hexose 

hexose l-phosphate guanylyltransferase 
Modi?ed hexose l- Nucleoside-triphosphate-hexose- Nucleoside Modi?ed NDP-hexose 

phosphate l-phosphate triphosphate 
nucleotidyltransferase 

Modi?ed alpha-D- Glucose- l-phosphate ATP Modi?ed ADP- glucose 
glucose l-phosphate adenylyltransferase 
Modi?ed alpha-D- Glucose-l-phosphate dTTP Modi?ed dTDP-glucose 
glucose l-phosphate thyrnidylyltransferase 
Modi?ed N-acetyl- UDP-N-acetylglucosarnine UTP Modi?ed UDP-N-acetyl 
alpha-D-glucosarnine pyrophosphorylase D-glucosalnine 
l-phosphate 
Modi?ed D-mannose Mannose- 1 —phosphate GDP Modi?ed GDP-mannose 

l-phosphate guanylyltransferase (GDP) 
Modi?ed alpha-D 
mannose l-phosphate 

Modi?ed alpha-D 
glucose l-phosphate 
Modi?ed alpha-D 
galactose l-phosphate 

Modi?ed alpha-D 
Xylose l-phosphate 
Modi?ed alpha-D 
galactose l-phosphate 
Modi?ed l-phospho 
alpha-D-glucuronate 
Modi?ed D-ribitol 5 

phosphate 
Modi?ed glycerol 3 
phosphate 
Modi?ed 3-deoxy-D 
manno-octulosonate 

Modi?ed aldose 1 

phosphate 
Modi?ed aldose 1 

phosphate 
Modi?ed D-ribose 5 

phosphate 

Mannose- 1 —phosphate GTP Modi?ed GDP-mannose 

guanylyltrans ferase 
Glucose-l-phosphate UTP Modi?ed UDP-glucose 
uridylyltransferase 
Galactose- l —Phosphate Uridylyl UTP or Alpha- Modi?ed UDP-galactose 
Transferase D-glucose 1 

phosphate 
Xylose- l-phosphate UTP Modi?ed UDP-D-xylose 
uridylyltransferase 
Hexose- 1 —phosphate UDP- glucose Modi?ed UDP-galactose 
uridylyltransferase 
Glucuronate- 1 —phosphate UTP Modi?ed UDP-D 

uridylytransferase glucuronate 
D-ribitol-S-phosphate CTP Modi?ed CDP-ribitol 
cytidylyltransferase 
Glycerol-3 —phosphate CTP Modi?ed CDP- glycerol 
cytidylyltransferase 
3-deoxy-manno-octulosonate CTP Modi?ed CMP-3-deoxy 
cytidylyltransferase D-manno-octulosonate 
Aldose- l-phosphate NDP Modi?ed NDP-aldose 
nucleotidyltransferase 
Aldose- l-phosphate ADP Modi?ed ADP-aldose 

adenylyltransferase 
Ribose-S-phosphate ADP Modi?ed ADP-ribose 

adenylyltransferase 






































































